Steam power cycles are constituted by a series of thermodynamic processes that aim convert the thermal energy of a fluid in mechanical wo rk, which can then be transformed into electrical energy. There are many types of steam power cycles in the world, using various work flu ids that may or may not undergo some change in their thermodynamic state. The Rankine Cycle is a steam power cycle that use usually water as work flu id to move turbines and produce work. Nowadays, this steam power cycle is the most used in thermoelectric plants to produce electricity. Th is work aims the creation of a program in Mat Lab software with an interface (Graphical Unit Interface, GUI) to simulate many configurations of Rankine cycles, providing to the user the values of the main parameters of these processes, that is: required heat in the boiler; work generated in the turbine; required work in the pumps and the thermal efficiency of the cycle. This program provides good results, showing that it can be used to improve the functions of the equipments in these thermodynamic cycles and to support the teaching disciplines of Applied Thermodynamic.
I. INTRODUCTION
Nowadays, the electrical energy is increasingly needed to the humanity, providing the action of many machines in homes and industry. Thus, technologies to produce electricity are the subject of many investments and improvements.
The most part of the electrical energy generated in the world co me fro m power plants, which use coal, gas or uranium to heat a fluid (usually water) and move turbines. After this, mechanical work is converted into electricity.
To convert efficiently the energy of a fluid in work, these power plants use thermodynamic power cycles, which are constituted by many types of equipments, such as pumps, turbines, boilers, condensers, etc. There are many power cycles available to serve this objective. However, the power cycle most used today is the Rankine cycle.
The Rankine cycle is a steam power cycle that uses the phase changes of the thermodynamic state of water to move turbines and produce energy. Ideally, this thermodynamic cycle is constituted by four stages, which are:  Isobaric heating in the boiler;  Isentropic expansion in the turbine(s);  Isobaric cooling in the condenser;  Isentropic compression in the pump(s).
In these stages, water changes its thermodynamic state of superheated steam until compressed liquid, changing also their values of enthalpy, entropy and specific volu me [1] [2] [3] .
With the current technology and the development of new materials, the temperature and the pressure of the water in the thermodynamic cycle can reach more than 620,0 ºC and 300,0 bar, respectively. For becoming the Rankine cycle more efficient, many improvements can be used, just modifying the basic structure of the thermodynamic cycle to reduce the required heat or to produce more work. To reduce the required heat, it is used regenerators, in which a side current, that leaves the turbine, is used to preheat the fluid, which later is going to the boiler. To produce more work, it is used reheating between the turbines, with the first turbine having high values of pressure and the last turbine low values of pressure. These improvements can be used isolated or together, depending of the capacity and the financial resources of the power plants [1] [2] [3] [4] .
To design properly the equipments of any configuration of Rankine cycle, four parameters should be analyzed, that are:  Required heat in the boiler;  Work generated in the turbine(s);  Required work in the pump(s);  Thermal efficiency of the cycle. 
II. METHODOLOGY
There are many ways to calculate the thermodynamic properties of a fluid. The predict ion of thermodynamic properties can be made by using cubic or non-cubic equations of state or thermodynamic tables of a pure substance [6] . However, it is necessary, at least, the knowledge of two thermodynamic properties of the system, first to determinate the thermodynamic state and then to determinate the other thermodynamic properties. In previous work [5] , the authors used these criteria to predict thermodynamic properties of water for several thermodynamic states: compressed liquid, saturated liquid, liquid -vapor mixture, saturated vapor, superheated steam, supercritical flu id.
Main parameters of a Ran kine cycle, which are calculated through the mass, energy and entropy balances involving properties of water such as enthalpy and entropy, require the determination of these values to begin the calculation. Based on this, the computer program requests to the user the values of temperature and pressure in some stages of the cycle. Temperature should be provide in ºC and its valid range is between 50,0 and 800,0 ºC. Pressure should be provide in bar and its valid range is between 0,0002 and 500,0 bar. These values are used to find the thermodynamic properties of water through the internal algorith ms of the co mputer program. At the same time, the computer program also requests the configuration of Rankine cycle that user wants to simu late, among the six availab le ones, such as: After these specifications, the computer program runs the thermodynamic simu lation of a Rankine cycle and provides to the user the results of the mains parameters: mechanical work produced by turbine (W T ), mechanical work provided to pump (W P ), Heat provided to the boiler (Q B ), and efficiency of the Rankine cycle (η). The first three parameters can be obtained through the first and second laws of thermodynamic (open systems, without loss of heat, steady state, disregarding the kinetic and potential energies and reversible conditions in all equipments) and the efficiency of Rankine cycle is calculated fro m definit ion of a heat engine. The follo wing equations show how these parameters are obtained:
In the interface developed with GUIMatLab, there is a figure that represents all the configurations of Rankine cycles available in the computer program, nu mbered according to the order cited above. This image helps users for understanding about the process . This image is shown in Fig. 1 .
The user also can decide the irreversibility of the steam power cycle. The sources of irreversibility in a cycle at real conditions may be friction, pressure drops, etc. For this, the user can choose between a cycle at ideal conditions (with an isentropic efficiency of the equipments as 100% or also called reversib le process) or a cycle at real conditions or also called irreversible process (with an isentropic efficiency of the equipments being chosen by the user).
In the cycles at real conditions, the values of work in turbines and pumps are corrected according to the following equations:
(5) (6) where E fT and E fP are the isentropic efficiencies of turbine and pump, respectively. With all these options, it was created an interface in GUI-MatLab to help the interaction with the user. This interface is shown in Fig. 2 .
III. RESULT AND DISCUSSION
Results obtained with the computer program developed in this work were co mpared with the other one that simu lates Rankine cycles and with examples of books of Applied Thermodynamics. The computer program used for co mparison is a software available in internet [7] . This software work in a range of pressure and temperature appropriated for Rankine cycles. It software was developed for four configurations of Rankine cycles, that are: basic cycle, regenerative cycle, cycle with reheating and cycle with reheating and regeneration on the low-pressure turbine.
Fig. 2: GUI-MatLab interface after a thermodynamic simu lation
As this computer program doesn"t have two of the configurations that the computer program developed in this work has, configurations 5 and 6 are co mpared with examp les of literature [1, 8] . Tables 1 to 6 present the results obtained for all the configurat ions of Rankine cycle available in the computer program of th is work, where P h representing the pressure in the boiler (bar), T h is the temperature in the boiler (ºC), P c is the pressure in the condenser (bar), P m is the pressure in the regenerator (bar), P r representing the pressure in the reheating (bar), T r is the temperature in the reheating (ºC) and η representing the thermal efficiency of the cycle (%). Although both computer programs provide the four main parameters of a steam power cycle, only the thermal efficiency was used for comparison between the sources, with a relative error calculated for the following equation:
Six configurat ions of Rankine cycles were analyzed. They are: basic, regenerative, with reheating, with reheating and regeneration on the low-p ressure turbine, with reheating and regeneration on the high-pressure turbine and with reheating and regeneration on both turbines. Results for the configurations are presented in Tables 1, 2 , 3, 4, 5 and 6, respectively. Table 5 : Results for Rankine cycle with reheating and regeneration in the high-pressure turbine Table 6 : Results for Rankine cycle with reheating and regeneration in both turbines
Based on the previous tables, it is possible to observe that the computer program developed in this work provides results with more accuracy and very similar to the results of the other computer [7] and examp les of books [1, 8] . Relative errors between the sources are smaller than 2,0% in all configurations of Rankine cycles obtained by the thermodynamic simu lation in th is work.
Analyzing the results and the input values of pressure and temperature, it is observed that, at moderate values of pressure and temperature, such as 100,0 bar and 400,0ºC, the error between the sources is small and less than 1,0%. The more the values of pressure and temperature increase and the closer they come to the critical point of water (374,1ºC and 220,6 bar), relative errors increase. This fact is due to differences in the reference states used to analyze the thermodynamic properties of water in this work and other researches . In previous works for the predict ion of thermodynamic properties, authors obtained different values of thermodynamic properties of flu id at different reference states. Thus, each computer program uses different tables of thermodynamic properties of water to simu late its steam power cycles. At low values of pressure, the difference is min imal. However, at high values of pressure, the difference between values of thermodynamic properties, such as enthalpy and entropy, increases, causing relative errors greater than 1,0%.
Besides, errors may also occur due to the interpolation method used in the program code in MatLab ("spline") to predict the thermodynamic properties of water. However, this source of error isn"t so big and the results continue being accurate.
It is worth mentioning that, in addition to good accuracy, the computer program developed in this work also have more configurations of Ran kine cycles than other computer programs and have the option to choose between ideal and real conditions (reversible and irreversible p rocesses). In the previous tables presented, all the results are obtained assuming Rankine cycles operating under reversible conditions, that is, turbines and pumps with 100% of isentropic efficiency. Real conditions (irreversible processes) were not exp lored because many computer programs that simu lating Rankine cycles haven´t imp lemented that option. 
